Analysis of the impacts of climate variability on evapotranspiration (ET) is of great importance in understanding climate variability and its effect on hydrological aspects. In this study, temporal and was air temperature leading to increase in ET 0 due to high sensitive coefficient to ET 0 and also exhibited significant increasing magnitude. (3) Precipitation (PPT) was the most sensitive factor for AET. AET in the GPA is controlled by air temperature and in LPA is controlled by PPT. This study provides a beneficial reference to agriculture, water resource and eco-environment management strategies in this region for associated policymakers and stakeholders.
; Yang et al. ).
ET accounts for some 60% of terrestrial precipitation and can approach 100% of annual rainfall in water-limited ecosystems, with transpiration often a dominant term in numerous vegetated landscapes (Teuling et al. ; Huo et al. ) . In China, climate variability is the major force and increasing air temperature leads to higher evaporation rates and enables the atmosphere to transport higher amounts of water vapor, which will accelerate the hydrological cycle and cause uneven distribution of water resources (Piao et al. ; Jung et al. ) . Understanding the changes in ET due to climate variability impact is crucial to understand the influence of climate variability on the eco-hydrological processes of complex landscapes (Matin & Bourque ) , and may help to eliminate threats and enhance water resource management (Liu et al. ) in order to assess and manage the water budget for agricultural purposes (Liu and Luo ) . 
) and southwestern Loess Plateau (Yang et al. ).
Due to the heterogeneity of the climate and underlying surface conditions, the eco-hydrological processes of the TRB show significant spatial-temporal heterogeneity and it is one of the most sensitive regions to climate variability in China.
From the upstream reaches in the west to the downstream reaches in the northeast, the dominant climate variability from an alpine cold humid and sub-humid climate to a temperate semi-arid climate, and the terrestrial vegetation shows significant heterogeneity, ranging from alpine grasslands and forests in the upstream regions to arid woodlands and grasslands in the downstream regions (Li et al. ) .
The objectives of this study are: (1) to calculate reference evapotranspiration using the P-M method and actual evapo- 
STUDY AREA AND DATA DESCRIPTION

METHODOLOGY
Reference evapotranspiration (ET 0 )
The daily reference evapotranspiration (ET 0 ) in the TRB was calculated using the P-M equation ( The P-M equation is:
where ET 0 is the potential evapotranspiration or evapotranspiration capacity (mm), Δ is the slope of the saturation vapor pressure-temperature relationship (kPa/ W C), R n is the net radiation at the surface (MJ/m 2 ), G is the soil heat flux (MJ/m 2 ), T is the mean air temperature at a height of 2 m ( W C), e s represents the saturation vapor pressure (kPa), e a represents the air vapor pressure (kPa), γ is the psychrometric constant (kPa/ W C), and U 2 represents the average wind speed at a 2-m height above the surface over a 24-hour period (m/s).
The key radiation component of the P-M equation was estimated using the following procedures: in this study, we estimated the net radiation with a daily time scale as follows:
where R ns is the incoming net shortwave radiation (MJ/m 2 ) and R nl is the outgoing net longwave radiation (MJ/m 2 ). The incoming net shortwave radiation is estimated as the balance between the incoming and reflected solar radiation:
where α is the albedo (ranging from 0 to 1) and the solar radiation R s is calculated using an empirical equation:
where a s and b s are the regression constants that are calibrated using the measured solar radiation data; in our study, we used the recommended values, i.e., ). The net longwave outgoing radiation is calculated using the following equation: ).
Actual evapotranspiration (AET)
Observations of 
where AET is the actual evapotranspiration (mm), PPT is the precipitation (mm), ET 0 is the reference evapotranspiration 
Statistical tests for trend analysis
Mann-Kendall trend test
The Mann-Kendall test, recommended by WMO, is also called Kendall's tau test according to Mann () and Kendall () . This test is used to assess the significance of a trend based on a non-parametric test and is widely used in hydrometeorological trend detection studies. For a time-
and identically distributed. The test statistic S is given by:
where
As can be seen from Equation (8), the test statistic S only depends on the ranking of the observations, rather than their actual values, resulting in a distribution-free test statistic, which has the advantage that its power and significance are not affected by the actual distribution of the data (Khaled ) . This is based on the assumption that the data are independent and identically distributed, with the mean and variance given by:
where t i denotes the number of ties of extent i. The significance of the trends can be tested by comparing the standardized variable Z c with the standard normal variable at the desired significance level α, given by:
where Z c denotes the test statistics, when |Z c | > Z 1-α/2 , in which Z 1-α/2 are the standard normal deviates and α is the significance level for the test (Khaled & Rao ).
Sen slope
The change magnitudes of meteorological variables in this study were estimated using the Sen slope method. This method calculates the slope as a change in the measurement per change in time, with advantages of allowing missing data, there are no assumptions with respect to the distribution of the data, the data are not affected by gross data errors or outliers (Sen ) , and the impact of missing data or anomalous trends can be eliminated by using the median of the series of slopes as the judgmental basis. The expression is given by (Zuo et al. ) :
where β is a robust estimation of the slope. 
where S vi is the sensitivity coefficient of the ith variable (V i ).
A positive or negative sensitivity coefficient indicates that the ET 0 will increase or decrease, respectively, with increases in the given variable. The larger the coefficient of a variable, the more sensitive the ET 0 to the variable, i.e., the larger the impact the given variable has on ET 0 . In theory, the coefficient is the tangent slope of the sensitivity curve. In practice, however, the coefficient is represented by a given 'linear range' around the origin. If the sensitivity curve is linear, the coefficient remains constant regardless of any perturbation in the variable concerned; if the sensitivity curve is non-linear, the coefficient will change with the perturbation of the respective variable, which depends on the degree of non-linearity of the curve. The smaller the variable perturbation, the more accuracy of the coefficient (Liu et al.
).
The procedure used to detect the factors influencing the ET 0 trends and to execute the quantitative evaluation is as follows: ET 0 was recalculated by making a ±10% change in each meteorological factor (R n , T max , T min , Rh, U 2 ) assuming other factors were fixed; the sensitivity coefficient (S v ) was calculated from Equation (13) 
where V detrend,i is detrended variable series, V original,i is the original series, S is the change trend of the given variable, 
Changes in climate variable trends
We further divided the annual data into four seasons: winter GPA was larger than that in the LPA, i.e., 0.14 and 0.11, respectively. Based on the above analysis, we found that the R n , T max , T min , and U 2 coefficients were positive but the Rh coefficient was negative, which indicates that ET 0 will increase with increases in R n , T max , T min , and U 2 and a decrease in Rh. Despite the different influences on ET 0 , we ordered the sensitivity based on the absolute coefficients as follows: net solar radiation > relative humidity > maximum air temperature > minimum air temperature > wind speed for the entire TRB.
The spatial distribution of the annual AET sensitivity coefficients of six key climate variables is shown in Figure 6 . The sensitivity coefficients of R n varied from 0.34 to 0.19, with an average value of 0.31 in the GPA, which was higher than in the LPA, i.e., 0.23. Rh had a negative effect on AET, with negative sensitivity coefficients ranging from À0.13 to À0.27. The negative effect of Rh in the GPA was more significant with an absolute higher value of 0.23 compared with 0.15 in LPA. T max and T min had a similar effect on AET, with a similar spatial distribution of sensitivity coefficients ranging from 0.12 to 0.07. U 2 had a small sensitivity coefficient, which means the lowest influence on AET. In contrast,
PPT had the greatest influence on AET with the largest sensitivity coefficients ranging from 2.82 to 3.67; the average value for the LPA was 3.41 compared with 2.92 for the GPA. This means that the influence of PPT on AET Influence of climate variability on ET 0 and AET In order to detect the response of ET 0 and AET to climate variability, it is necessary to detrend the climate variables.
The original and detrended data series for every variable for the TRB is shown in Figure 7 . Distinct differences can be observed between the original and detrended data series for the six meteorological factors. Net solar radiation, maximum and minimum air temperature, and wind speed exhibited positive trends, while relative humidity and precipitation exhibited negative trends. Consequently, the detrended data series of R n , T max , T min , and U 2 were lower than the original, and the detrended data of Rh and PPT were larger than the original series. In general, climate variability contributed to increases in R n , T max , T min , and U 2 , with rates of 1. 48%, 8.58%, 43.87%, and 11.61%, and decreases in Rh and PPT, with rates of À1.88% and À2.69%, respectively, during the past 30 years in the TRB. The contribution of meteorological variables to changes in ET 0 and AET was determined based on the relationship between the sensitivity and the meteorological variables (Equation (13)). We can understand the independent influence of every meteorological factor on ET 0 and AET. Calculations showed that given the same increasing amplitude (þ1%) of net solar radiation, relative humidity, maximum air temperature, minimum air temperature and wind speed, the relative increment of ET 0 due to sensitivity was 0.73%, À0.54%, 0.31%, 0.26%, and 0.13%, respectively. Over the past 30 years, changes in net solar radiation (1.48%) contributed to the ET 0 increase by 1.08%, decrease in relative humidity (À1.88%) contributed to increase in ET 0 by 1.01%, increase in maximum air temperature (8.58%) and minimum air temperature (48.37%) contributed to increase in ET 0 by 2.66% and 12.58%, respectively, and wind speed (11.61%) contributed to an ET 0 increase of approximately 1.5%. Despite the fact that the interaction within these variables contributed to the increase in ET 0 , the increase in air temperature leading to the increase in ET 0 was obviously larger than other factors in the whole basin. Although ET 0 was more sensitive to R n than to other factors, the changes in solar radiation were not the dominant factors for the changes in ET 0 in the TRB. The significant increases in air temperature were the dominant factor in the increase, because this was not only a relatively sensitive variable, but also exhibited a significant increasing magnitude over the 30 years. of climate factor on ET 0 was net solar radiation followed by relative humidity, maximum and minimum air temperature, and wind speed. The increase in ET 0 was mainly caused by the significant increase in air temperature across the entire TRB, which contributed to the increase in ET 0 by approximately 7.62%. Precipitation was the most sensitive factor for AET followed by net solar radiation, relative humidity, maximum and minimum air temperature, and wind speed. The decrease in PPT was responsible for the decrease in AET in the LPA, which contributed to the decrease in AET by 10.98%, while the effect of ET 0 on AET offset the effect of PPT on AET in the GPA, which resulted in an increasing AET due to the increase in ET 0 .
The results indicated the dominant controlling factor on AET is air temperature in the GPA based on the Penman hypothesis and in the LPA is PPT based on the complementary hypothesis.
In addition, the climate factors (R n , T max , T min , U 2 , Rh, and PPT) considered in this study should be independent of each other to ensure each factor is represented by its individual contribution. Uncertainties existed in the estimation of the contributions of climate variables. The errors could come from the assumption that the six climate variables were independent in the differential detrend processes.
However, the six climate variables impact each other and are not totally independent, leading to uncertainties and errors.
